The zinnia (Zinnia elegans Jacq.) is an ornamental plant used in landscape composition and presents great potential for cultivation as a cut flower, potted. Faced with the new trend of integrated flower production, that proposes more environmentally friendly practices aiming at sustainability, there is a need to determine alternative substrates that allow the production of quality seedlings. Therefore, this study aimed to evaluate the vigor and quality of zinnia seedlings produced in alternative substrates in trays with different cell size. Two different types of trays of expanded polystyrene with different cell size were tested as following: 128-cell and 200-cell trays with a volume of 40 cm 3 and 16 cm 3 , respectively. For the growth of the seedlings, three types of substrate were tested: commercial substrate; composting of organic waste; mixture of sand, soil and carbonized rice husk in the proportion of 1:1:1 (v:v:v). The experiment was a completely randomized design, using 24 trays in a factorial arrangement 3x2 (substrate x tray cell size), with four replicate and eight seedling per replicate. The phytotechnical characteristics evaluated were plant height, number of leaves, root length and dry weight of plants, the vigor of seedlings and clod stability was determined by rating scales. The physicochemical and physical proprieties of organic substrate enables produce high quality seedling using 128-cell trays, but the 200-cell trays also produce good quality seedling, having the advantage of using smaller volumes of substrates.
Introduction
The zinnia (Zinnia elegans Jacq.) is a species of the Asteraceae family used in landscape composition and presents great potential for cultivation as cut flower or potted plants (Iqbal et al., 2012; Ahmad et al., 2015) . Many studies have been carried out to understand the multiplicity of uses of these plants such as ornamental propose, medicinal or as attractive plants with great potential for increasing the diversity of insects in agroecological farming systems (Wijesinghe et al., 2017 , Gomaa et al., 2019 .
Zinnia plants have been cultivated in Integrated Agroecological Production Systems, known as "Fazendinha Agroecológica" located Seropédica-RJ, with the objective of attracting pollinating insects or natural enemies to increase ecological diversity in organic agricultural systems. Additionally, it is known that zinnia flowers are visited by a wide variety of insects such as Apis cerana, Apis mellifera, Eristalomyia tenax, Osmia cornifrons, Polistes chinensis, Parnara guttata and Lucaena phlaeas daimio (Miyajima et al., 1995) .
The production of zinnia seedlings for agroecological system, whether for the landscape composition, as a cut flower or for the attractive plants, must obey the rules for Brazilian agroecological production, and the use of organic substrates (Brasil, 2011) . Many substrates can be used for this purpose, however, it is recommended to prioritize those substrates that are easily accessible and low cost; that present the suitable physical and chemical proprieties and allow obtain high-quality plants ( Barbosa and Lopes, 2007) . Therefore, it is possible to mention some components frequently used to produce seedlings of ornamental species, for example, substrates coming from composting of different organic wastes, sugarcane bagasse, carbonized rice husk, pinus husk and coconut fiber, as well as the mixing of these materials with soil or sand (Riaz et al., 2008; Ali , 2011 Santos Júnior et al., 2014 Silva et al., 2018) . The great advantage of using these residues can be highlighted as the formulation of an alternative mix of substrates implying on lower production costs, reducing the environmental impact erstwhile produced by the discard of these materials (Sousa et al., 2011) .
The physicochemical proprieties of substrates directly affect the root growth and vigor of growing plants, such as pH, electrical conductivity, density and porosity. More specifically in the production of agroecological seedlings, the substrate has contain nutrients that enable the initial development and production of high vigor plants. (Leal et al., 2007; Sardoei et al., 2014; Moraes et al., 2016) . To the regulation the physicochemical proprieties was recently established standards by to commercialization of commercial organic substrate, a breakthrough for agroecological production system in Brazil (Brasil, 2011) . specifically for zinnia production this is important because previous studies confirm that the selection of appropriate substrate of zinnia potted flowering was very important from an aesthetic and marketing point of view (Sardoei et al., 2014) .
The volume of substrates used to cultivate can also determine the quality of seedlings. In ornamental horti-culture, there is a tendency of using trays with small cells, since a greater number of seedlings that can be grown per area of greenhouses; in the same way, it will be spent smaller amounts of substrate for the production of seedlings and, consequently, the lower production cost (Godoy and Cardoso, 2005) . It is known that potted zinnia plants respond differently to the size of pot used for cultivation; plants grown in containers with smaller volumes substrate to have lower height lengths without significant effects on ornamental quality (Pinto et al., 2003) .
Due to the information demand that allows the production of zinnia seedlings in alternative substrates with potential for the insertion of this species in agroecological production systems, this work aiming was to evaluate the vigor and quality of zinnia seedlings produced in alternative substrates in different cell volumes.
Material and Methods
The zinnia seeds cultivar 'Gigante da California Rosa' used in this work was obtained from commercial companies. The seeds were sown in the month of February to a depth of 1,0 cm depth. Two different types of trays with different cell size were tested as following: 128-cell expanded polystyrene trays with a volume of 40 cm 3 per cell; and 200-cell expanded polystyrene trays with a volume of 16 cm 3 per cell. For the growth of the seedlings three types of substrate were tested: commercial substrate; organic substrate (obtained by composting of agricultural wastes); mixture of sand, soil and carbonized rice husk in the proportion of 1:1:1 (v:v:v). The experiment was perfomed usinf 24 trays in a completely randomized design, in a factorial arrangement 3x2 (substrate x tray cell size), with four replicate and eight seedling per replicate.
The physicochemical analyzes of the substrates (pH and electrical conductivity) were performed in distilled water solution (5: 1 v / v), according to the method described by Brasil (2008) . Regarding physical characteristics, the percentages of total porosity, macroporosity and microporosity, water retention capacity and volumetric density were determined using the adapted methodology of Teixeira et al. (2017) and Brasil (2008) .Two seeds per cell were sown, and 10 days after sowing, they were thinned to one seedling per cell. Zinnia seedlings were grown in a greenhouse with a 50% shade mesh at 1.80 m height, with intermittent periods of spraying every 15 seconds with an interval of 60 min. The average temperature in the nursery during the experimental period was approximately 28°C.
Zinnia seedlings were evaluated at 21 days after sowing. Seedlings in all treatments were removed from the containers with clod to analyses of the vigor of seedling and stability of clod. The vigor of the seedlings (VS) was evaluated by the attribution of notes, according to the following scale: note 1: poor vigor, nutritional deficiency, poorly developed plants, reduced number of leaves, note 2: regular vigor, notorious yellowing, 4 to 5 leaves, size up to 5 cm, but with nutritional deficiency well highlighted; note 3: good vigor, 4 to 5 leaves, height greater than 5 cm with yellowish prominent; note 4: great vigor, above of 5 leaves, height greater than 5 cm; according to the methodology proposed by Franzin et al. (2005) and adapted by Antunes et al. (2018) .
The clod Stability (CT) was evaluated by the attribution of notes, as follows: note 1: low stability, 50% or more of the clod is retained in the vessel at removal of the clod and the clod does not remain cohesive; note 2: between 30% and 50% of the clod is retained in the container when the molt is removed, but the clod does not remain cohesive; note 3: regular, between 15% and 30% of the clod is retained in the container when removing the seedling, but does not remain cohesive; note 4: good stability, the clod is detached completely from the container with up to 90% cohesion and maximum loss of up to 10% of the substrate; note 5: great stability, the clod is detached completely from the container and more than 90% of it remains cohesive, with losses of less than 10% of the substrate; according to adaptation of scale propose by Antunes et al. (2018) .
The number of leaves was also counted and the height of seedlings and length of roots of the seedlings were measured with a millimeter rule. After measuring the seedlings was packaged in kraft paper bags and dried in an oven with forced air circulation at 65ºC, to obtain the dry weight of seedlings.
The data were tabulated and subjected to descriptive statistics and analysis of variance by the F-Test and the groups were compared using the Tukey test, using the 5% level of significance using the software Rbio (Bhering, 2017).
Results and Discussion
Characterization of physicochemical and physical properties of the substrates used in the production of the Zinnia seedlings, presented in Table 1 , reveal the occurrence of statistical differences between the substrates for all evaluated parameters. The commercial substrate was suitable for the production of seedlings, with a pH of 6.36 (Table 1) . However, it should be noted that although the pH value in the organic substrate (8.35) was high. Ideal pH (in H 2 O) values for seedlings production are in range of 5.0-5.8 for substrates with predominance of organic matter and values between 6.0 and 6.5 for substrates with predominance of mineral soil Fermino, 2000) . However, the effect of pH to zinnia cultivate was no clearly evidenced, but it seems like this species grow up in a substrate with high pH. In previous studies zinnia plants had great development and production in a mix of substrates compost de leaf manure mix (silt + leaf manure + coconut compost; 1:1:1) or in silt alone with pH above 7.5 and 7.8, respectively (Riaz et al., 2008) .
The electrical conductivity (EC) is an indicative of the concentration of salts in the solution and provides a parameter of the estimation of the amount of nutrients present in the substrates. EC values between 1.0 to 2.0 dS m -1 are normal and less than 1.0 dS m -1 are considered low (Araújo Neto et al., 2009 ). All substrates evaluated showed low salinity concentrations (Table 1) , however, the commercial substrate recorded the highest EC value (0.74 dS m -1 ). Talebi et al. (2015) evaluating the influence of different NaCl concentrations on the morphophysiology of Zinnia elegans, found that the species has resistance to salinity, tolerating electrical conductivity up to 6 dS m-1, above this value, the authors emphasize that there may be reduction in growth and plant development.
Concerning the substrates physical properties, it is important to note that a suitable relationship between macro and micropores is essential for the proper development of the seedlings in trays (Lopes et al., 2005) . Thus, to obtain satisfactory results in the production of seedlings, adequate macroporosity values are sought between 35-45%, microporosity between 45%-55% and total porosity between 75%-85%. (Maeda et al., 2007) . The three substrates evaluated in this work presented adequate values for macro-porosity, being the commercial substrate with the highest percentage of macropores (Table 1) . As for microporosity and total porosity, only the mix substrate (mixture of sand, soil and carbonized rice husk) was below the ideal range, due to the granulometry of the materials used. Low porosity materials can cause root gas exchange, water movement and drainage problems, negatively affecting root and plant development, as opposed to higher porosity mixtures, which can be beneficial for aeration and promotion of root development (Costa et al., 2017) . Carrijo et al. (2002) recommend values of total porosity above 85%. According to Kämpf (2005) , the total porosity is of fundamental importance for plant growth, since the high concentration of roots formed in containers requires a high oxygen supply and rapid removal of the carbon dioxide generated. The commercial substrate meets the recommendations of the aforementioned authors; however, the organic substrate presents values close to the ideal. However, the mix substrate was below ideal (Table 1) .
The water retention capacity of a substrate plays a key role in providing water to the plants, the adequate levels of water retention capacity values is between 40%-60% (Fermino, 2014). Thus, the mix substrate conforms to the levels established by these authors (Table 1) . The commercial and organic compost substrates recorded values close to the range considered adequate (69.92% and 66.84%).
The volumetric density of a substrate is important to aid in the interpretation of other characteristics, such as porosity, aeration space and water availability (Barbosa and Lopes, 2007) . In addition, knowing the volumetric density of a substrate is very important for the management, besides influencing the transport costs, handling and infrastructure necessary for its use (Fernandes et al., 2006) .
It is considered as reference for substrates used in trays, values of volumetric density between 100 and 300 kg m -3 (Kämpf, 2005) . In this way, only the commercial substrate meets this reference for use in trays. The organic substrate showed avolumetric density above the proposed reference, possibly due to the types of residues used in the composting process, which influenced the obtaining a denser compound. In the mix substrate volumetric density was three times higher than the commercial substrate density, due to soil and sand fraction, whose mineral materials are much denser than organic matter. High density materials such as sand and soil, when used alone or in large proportions in the formulation of a substrate, become inconvenient due to their excessive weight, which makes it difficult to handle plants in the containers, reducing root penetrability and growth (Costa et al., 2017) . Schafer et al. (2015) highlight that the use of mineral components is still observed in many cases, which usually leads to substrates with very poor cultivation characteristics, corroborating the results obtained in this work for the substrate mix. Moreover, the authors point out that the use of soil in large proportions in nurseries leads to unsustainability, since its extraction causes environmental degradation in different proportions.
The highest growth of zinnia seedling was observed in height of 128-cell tray containing organic substratate; however, when used 200-cell there no significant difference was observed between commercial or organic compound ( Figure 1A ). Root length was higher when plants were grown on a 128-cell tray using commercial or organic substrate, but there was no significant difference between the roots length in plants obtained in any substrate in a 200-cell tray ( Figure 1B) .
The organic substrate allowed the production of the largest number of leaves in zinnia plants, when 128-cell trays ( Figure 1C ). However, this substrate did not differ from the commercial substrate when the plants were grown in 200-cell trays. The seedlings produced in a mix of substrates had the lowest number of leaves independent of the tray volume used for cultivation.
The dry weight of seedlings was significantly affected by the substrates, regardless of the cell volume of the trays ( Figure 1D ). However, when comparing cell volumes, it was observed that tray 128 allowed the accumulation of dry mass for commercial and organic substrates significantly larger than those produced in 200-cell trays. According to the assignment of notes to vigor of the plants, it can be observed that the plants produced in organic substrate in trays of 128 cells allowed to obtain of plants with greater vigor, which presented leaves were more vigorous that those obtained on the same substrate in 200-cell trays (Figure 2A ). However, when using the 200cell tray, the organic substrate does not signifi cantly differ from the commercial substrate. The substrate mix allowed the production of seedlings less vigor in seedlings in both trays with plants showing a higher frequency of yellow and undeveloped leaves.
There was no signifi cant difference in the vigor of the seedlings when the commercial substrate was used, regardless of the volume of the trays, indicating that the choice of the substrate is closely related to the type of trays to be used. In this case, it is necessary to evaluate the economic factors for seedling production. The vigor of seedlings comprises the physical and physiological properties that allow the adequate development of seedlings under fi eld conditions. Thus, seedlings with high physiological quality provide the potential for the formation of a homogeneous stand and favors the initial growth of the seedlings, refl ecting in the larger productivity (Pêgo et al., 2011) .
The greatest stability of clod was obtained plants grown in organic substrate in a tray of 128 cells ( Figure 2B ). No signifi cant difference was observed for the clod stability for the plants that were grown in 200 trays containing the organic and commercial substrates.The adhesion of the substrate to the root system of ornamental plants, at the moment of removal of the clod of the alveoli of the tray, avoids the dehydration and the damage of the roots, besides preserving their arrangement in the porous spaces of the substrate (Steffen et al., 2010) . There was significant effect on the stability of clods of the different cell trays. However, the substrate mix produced clod less cohesive and at evaluation time, it was observed that part of the clod had not been aggregated by the roots, possibly by the more sandy physical composition.
In general, the development of the plants of zinnia was benefited by the greater volume of substrate used in cell tray. The higher cell volume container provided better growth of the root and seedlings with more vigor because of its greater availability of nutrients and more space for the growth of the root (Costa et al., 2013) . The production of seedlings in cell trays has been shown to be efficient in several aspects, such as substrate economy, greenhouse space, production of seedlings with high quality and high survival after field planting (Oliveira et al., 1993) . However, this economy may be detrimental to the final production, because in smaller cells the amount of substrate may be insufficient for the proper development, reducing quality of the final product of the seedlings (Echer et al., 2007) .
This results leads to a broader discussion. It is clear that the 128-cell tray produces high quality seedlings when organic substrate as substrate is used; however, it is important considerate that it is necessary to use 4.4 liters of substrate to fill a 128-cell tray and only 3.0 liters to fill a 200-cell tray, one a reduction of 32%. Considering that the seedlings produced in smaller cell trays had relatively good vigor seedling and clod stability, the organic substrate obtained by composting from agricultural wastes can be an alternative for organic farmers in an agricultural production system. Furthermore, the 200-cell tray can enable the production of more seedlings per area.
As a rule, since the substrate does not affect the quality of the seedlings, the selection of the substrate should be made according to the availability of materials around the production to reduce costs and ensure the sustainability of production; thus, alternative substrates tend to be a good choice for ornamental horticulture (Barbosa and Lopes, 2007) . These results are promising because in the case of a multipurpose ornamental species, the possibility of obtaining seedlings in organic substrates reinforces the idea of producing organic seedlings that will enable the production of zinnia as cut flower, potted plants or attractive plant in agroecological farming systems.
Conclusion
The physicochemical and physical proprieties of organic substrate enables to produce quality plants using 128-cell trays, but the 200-cell trays also produce good seedlings quality, having the advantage of using smaller volumes of substrates.
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